The lack of efficacy of deep brain stimulation (DBS) of subcallosal cingulate (SCC) in treatment resistant depression (TRD) may be due in part to suboptimal targeting. In two patients treated with SCC DBS for TRD we assessed the voxel-wise probabilistic connectivity of SCC with four tractography-defined target areas implicated in depression, thereby identifying the tractography-optimized target (TOT). Compared to the non-responder, the responder's DBS leads were implanted and stimulation was delivered closer to the TOT. This automated patient-specific data-driven approach provides tomographic maps that could guide DBS targeting and programming with possible implications for improving response to DBS.
Introduction
While some studies of deep brain stimulation (DBS) for treatment resistant depression (TRD) suggest benefit (Mayberg et al., 2005; Bergfeld et al., 2016) , a randomized controlled trial of subcallosal cingulate cortex (SCC) DBS for TRD was halted due to a low likelihood of success (Morishita et al., 2014) . Aberrant targeting may contribute to suboptimal outcomes. Identifying the essential area to stimulate within SCC remains a significant challenge. Given the network-basis of depression, the target likely involves the convergence of white matter tracts implicated in multiple disease-related circuits (Lujan et al., 2012; Riva-Posse et al., 2014) . However, this approach has not been validated beyond a single institution (Riva-Posse et al., 2014) . Moreover, a datadriven methodology to define the optimal target and provide a tomographic map to guide targeting and programming does not exist for SCC although it has been reported in essential tremor and chronic pain (Pouratian et al., 2011; Kim et al., 2016) . We report a novel approach using probabilistic tractography to delineate patient-specific tomographic maps for SCC DBS for TRD.
Methods
Two subjects with TRD who underwent bilateral SCC DBS implantation as part of a DBS for TRD trial were evaluated clinically and radiographically. IRB approval and informed consent were obtained.
Implantation was done blind of tractography results. Before surgery, each subject underwent 3 T magnetic resonance imaging, including high resolution T1-weighted anatomical images (TR 11 ms, TE 2.81 ms, flip angle 20°, 0.9375 mm isotropic voxels, and 192 slices) and single shot spin echo planar imaging for diffusion tensor imaging (TR 9200 ms, TE 87 ms, 2 mm isotropic voxels, b value=1000, and 20 directions). Post-operative computed tomography (CT) (0.6 mm slice thickness and 0.48 mm voxel size) of the head was acquired to assess lead position. T1 images were skull stripped (BET) (Smith, 2002) , segmented (Zhang et al., 2001 ) and registered to MNI152 template (FLIRT-FNIRT) (Jenkinson et al., 2002) . Eddy current correction was applied to diffusion data before skull extraction and then a multifiber diffusion model was fitted on the data (Behrens et al., 2007) .
We used FSL probabilistic tractography (5000 samples, 0.2 curvature threshold, loopcheck termination, 2000 maximum number of steps, 0.5 mm step length and 0.01 subsidary fibre fraction threshold) to initially delineate the connectivity of anatomically-defined SCC (Gutman et al., 2009 ) with the entire brain. Then, for each predefined target area (Fig. 1A , bilateral medial prefrontal cortices via forceps minor and uncinate fasciculus, ipsilateral ventral striatum and anterior cingulate), we identify voxels with the maximum probability of connectivity with the anatomically-defined SCC. We then use the coordinates of these voxels as subject-specific targets for subsequent delineation of TOT within SCC. We then determined the probability of connectivity of each SCC voxel with each of the connectivity-deter-
